The high-resolution laser excitation spectrum of the 001-000 and 000-000 bands of the B 2 S / -X 2 S / transition of SrOD was recorded. The SrOD molecules were made by pulsed laser ablation of Sr metal followed by reaction with D 2 O. Sub-Doppler resolution and rotational cooling were achieved by expansion into vacuum and excitation with a cw dye laser perpendicular to the molecular beam. A molecular linewidth of 200 MHz and the lack of spectral congestion allowed a Q branch to be detected. Spin-orbit mixing between the Ã 2 P and B 2 S / states caused the unusual appearance of a moderate intensity Q branch in a nominally parallel 2 S / -2 S / transition. From the relative intensities of the rotational lines, the ratio of the perpendicular to the parallel transition dipole moment was found to be 0.2 to 0.3. ᭧ 1996 Academic Press, Inc.
FIG. 2.
A portion of the high-resolution spectrum showing P and R branches of the 000-000 band of the B 2 S / -X 2 S / transition of SrOD.
The previous spectrum of SrOD was recorded in a Broida
The 000-000 and 001-000 bands of the B 2 S / -X 2 S / system of SrOD were studied in our work. The Ã 2 P 1/2 and B 2 S / oven (1) so that the resolution was limited by Doppler broadening and weak Q-branch lines were not seen. In a super-states are mixed by off-diagonal spin-orbit coupling. The B 2 S / -X 2 S / is nominally a parallel transition which should sonic jet expansion, the molecules are vibrationally and rotationally cooled in order to simplify the spectrum. The molec-have very weak Q branches which decrease rapidly in intensity as J increases. However, the Ã 2 P 1/2 Ç B 2 S / mixing ular beam is crossed at right angles with a laser beam so that sub-Doppler spectra are obtained.
induces some perpendicular character in the B -X transition the ablation source. A boxcar integrator was used to process the LIF signal. A time ''window'' of 20 msec was opened after a 100 msec delay from when the ablation laser fired.
To increase the signal-to-noise ratio, the scan time of the ring dye laser was set such that at least five pulses were averaged for each frequency point. Therefore, 100 sec was needed for each 10 GHz scan using 50 MHz steps. The Coherent Autoscan 699-29 dye ring laser was calibrated with the I 2 lines (11) recorded at the same time during the experiment. The absolute accuracy of the line positions is about 0.003 cm
01
. and enhances the intensity of the Q branches. By comparing the intensities of the P, Q, and R branches, it is possible to
III. RESULTS AND DISCUSSION
deduce the ratio of the parallel to the perpendicular transition dipole moment.
The analysis of the 001-000 and 000-000 bands of the With the exception of the millimeter-wave work (6) on B 2 S / -X 2 S / transition of SrOD was straightforward with the SrOD, all of the recent studies have concentrated on SrOH. help of the previous work (1). As a result of rotational coolWe report here on the analysis of the 001-000 and 000-ing, the first few lines and the band origin were easily located 000 bands of SrOD, recorded in order to test a new laser (Fig. 2) . The line positions of the two bands were measured ablation spectrometer.
with a program called Decomp and are reported in Tables  1 and 2 .
II. EXPERIMENTAL
The line positions were fitted using the standard N 2 Hamiltonian evaluated using Hund's case (a) basis functions (12) .
The block diagram of the experimental apparatus is given
The 001-000 and 000-000 bands, and the pure rotational in Fig. 1 . The apparatus had two separately pumped chamtransitions (6) were fitted together to provide the constants bers in order to produce a collimated supersonic beam. The of Table 3 . A small perturbation was noted in the excited ablation source chamber was pumped by a 10-in. diffusion state F 2 component of the 001 B 2 S / state close to N Å 14, pump (250/2000 Edwards), while the detection chamber was J Å 13.5, f parity (Table 2 ). These lines were included with pumped by a 4-in. diffusion pump (100/300 Edwards). The reduced weights in the final fit. supersonic molecular beam was produced by a homemade For pure 2 S / -2 S / transitions, Q branches are very weak piezo-driven pulsed valve and collimated by a 3-mm-diamein intensity. If there is 2 P 1/2 character mixed into a 2 S / state, ter stainless-steel skimmer located 3 cm from the nozzle (5, then the intensity of the Q branches is enhanced. Kopp and 8) . The second harmonic (532 nm) of a 10 Hz pulsed Nd/ Hougen (13) considered the intensity of the branches of a YAG laser was used to vaporize the metal. The beam was general The signal was detected by monitoring the laser-induced transition of SrOD. The 001-000 band is weaker than the fluorescence (LIF) produced by the molecular beam when 000-000 band, so that Q branches were not detected. The it intersected the probe laser beam from a cw-ring dye laser value of the Sr-O stretching mode frequency, n 3 , in the B 2 S / 12 cm downstream from the skimmer. A Hamamatsu photo-state of SrOD is found to be 523.652 cm 01 by subtraction of multiplier tube (R943-02) was aligned perpendicular to both the band origins. The use of our 001-000 band origin and the molecular beam and the probe laser beam, and the LIF Nakagawa et al.'s (1) 001-001 band origin of 16 372.6281 was collected through a lens assembly. A narrow bandpass gives a value of 517.122 cm 01 for n 3 in the X 2 S / state. filter (40 nm) centered at the laser frequency was used for the 000-000 transition. A bandpass filter (40 nm) centered
IV. CONCLUSION
on the 001-001 transition and a red-pass filter were used for 001-000 transition, and in this way a much better signalOur high-resolution study of SrOD has provided improved molecular constants. This resulted from the cooling of SrOD to-noise ratio was obtained. The bandpass filter was very
